The nitrogen functionalized biomaterial is used for the adsorption of Cd (II) from waste water. The application and possibility of regeneration and reuse of functionalized biomaterial were evaluated with adsorption desorption experiments. Cd (II) loaded biomaterial was eluted with sodium hydroxide, nitric acid, and hydrochloric acid. Among them 0.1 M nitric acid gave the most effective result releasing about 90% of metal ions onto the solution in six successive cycles. The result suggests the efficiency and applicability of functionalized biomaterial as a potential biosorbent in the removal of Cd (II) from waste water.
INTRODUCTION
Many industrial effluents containing toxic metal ions are removed with coagulation, precipitation, reverse osmosis, ultra filtration, ion-exchange and ozonolysis. However these techniques have limitation like incomplete metal removal, production of huge amount of toxic sludge, and requirement of large amount of chemicals and energy, especially when the concentration of toxic heavy metals is low. This has caused a paradigm shift to biosorption where treatment of waste water occurs by the use of biomaterial. Biomaterials are the byproduct from poultry, fishery or agriculture and many more. They are highly efficient, renewable, low cost and can be regenerated (Kratochvil & Volesky 1998) . They are the alternative to man-made ion-exchange resins (An et al. 2005) . The biomaterial of lignocellulosic nature is found to be one of the efficient biomaterial for the removal of toxic heavy metals from waste water. Since raw biomaterials show very low adsorption of metal ions, they are functionalized with different functional groups like carboxylic acid, sulfonic acid, amine, amide, phosphoric acid (Shankar et al. 2007) , Xanthate (Homagai et al. 2011) to enhance the adsorption capacity. The biosorption process is cost effective, efficient, requires minimum chemical and also minimizes the toxic sludge production. During the regeneration of the biomaterial, the metal ions extracted from the liquid phase can be recovered and the regenerated biomaterial can be reused for adsorption experiments, which also minimizes the process cost. Cadmium (II) is one of the toxic heavy metal ions present in waste water from different sources like, gasoline, metal pipes, fertilizers, dental alloys, batteries, candy, colas, copper refineries, fungicides, paint, pesticides, processed foods, soft drinks, pharmaceutical and recreational drugs (Dojlido & Best 1993) . It can cause mental retardation, bronchitis, and cancer. The most severe form of Cd toxicity in human is itai-itai, a disease characterized by excruciating pain in the bone. Other health implication of Cd in human includes kidney dysfunction, emphysema, and testicular atrophy (Kadirvelu &Namasivayam 2000) . Chronic exposure in high levels results in death. The maximum permissible limit of Cd in drinking water is 0.003 mg/L according to WHO standard. Therefore this toxic metal ion must be removed before discharged into water bodies. In the present study, functionalized biomaterial obtained from Desmostachya bipinnata is used for the removal of Cd (II) and its loading capacity is measured. The possibility of regeneration and reuse of the biomaterial is studied with desorption experiment to evaluate its effectiveness (Homagai et al. 2011) .
MATERIALS AND METHODS
The entire chemicals used in this work were of analytical grade. Powder of Desmostachya bipinnata (Kush plant) was functionalized with hydrazine monohydrate to introduce nitrogen functional group in the biomaterial with one step reaction, which is one of the most effective chelating group ( Yoshitake et al. 2002; Ng et al. 2002) and used for the adsorptive removal of cadmium metal ions from waste water. The detail of the preparation procedure has been published in previous paper . The surface morphologies of functionalized and metal loaded biomaterial were analyzed with the help of S-3000 N Scanning Electron Microscope (SEM) of HITACHI, Japan. The types of functional groups present on the biomaterial were analyzed using Diffuse Reflectance Fourier Transform Infrared (DRFTIR) Spectroscopy (Harrick scientific corporation) at frequency range of 4000 to 500 cm -1 . The pH of the sample solution was measured with pH meter (Hanna instrument). Concentration of metal ions present in the solution was measured with ICP-AES (Inductively-Coupled Plasma Atomic Emission Spectrophotometer, SPECTRO, Analytical Instrument, Kleve, Germany). Batch adsorption experiments were carried out to measure the effect of pH, loading capacity, efficiency and reusability of the functionalized biomaterial for the remove of Cd (II) from waste water. Effect of pH was studied at 50 mg/l concentration of metal ions as the function of pH from 1-7. All the experiments were carried out in 50 ml, Erlenmeyer flasks taking 25 mg of functionalized biomaterial with 20 ml of Cd (II) solution. The pH of Cd (II) was maintained with dilute nitric acid and sodium hydroxide solutions. The flasks were agitated in a shaker at room temperature at 150 rpm for 24 h to attain equilibrium. After 24 h, the solutions were filtered and their equilibrium concentrations were measured. Loading capacity was evaluated with fixed dose of biomaterial (25 mg) and metal solution (20 ml) of different concentration from 25-1000 mg/l at optimum pH value. The applicability of the metal loaded biomaterial as an efficient adsorbent depends not only on the loading capacity, it also depends on the desorption performance, which finally leads to its reusability (Biswas et al. 2008) . Batch desorption experiments were carried out to evaluate the efficiency and reusability of functionalized biomaterial (Shrestha et al. 2013) . In the present study metal ions were adsorbed on to the surface of the functionalized biomaterial. The experiment was carried out with 80 ml Cd (II) solution of 100 mg/L together with 100 mg of functionalized biomaterial in a flask. The flask was shaken for 6 h at 150 rpm to attain the equilibrium. Then the solution was filtered and concentration of metal ions present in the solution was measured. This metal adsorbed biomaterial was desorbed with three different types of eluting agents like sodium hydroxide, hydrochloric acid and nitric acid at different concentrations (0.5 M, 0.2 M and 0.1M) separately (Ayyappan et al. 2005; Chergui et al. 2007 ). The flasks were shaken for 3 h and were filtered. The concentration of metal ions was measured. This is the amount of metal ions desorbed from the biomaterial. After the first cycle of adsorption-desorption experiment, the biomaterial was washed with distilled water and dried in an air oven at 70 o C for 24 h. This regenerated biomaterial was repeatedly used for another five cycles of adsorption-desorption experiment.
RESULTS AND DISCUSION
The SEM image of the surface of functionalized biomaterial was uneven and porous, as shown in Fig.1 (a) . It is due to the grafting of the nitrogen functional group on the surface of the biomaterial which enhances the metal ion sorption . After performing batch experiment for the adsorption of Cd (II), the SEM image of Cd (II) loaded functionalized biomaterial was also studied as shown in Fig. 1 (b) . It was compared with the functionalized biomaterial before adsorption of Cd (II). The uneven and porous surface of the functionalized biomaterial was changed to even and smooth surface with bright image indicating the adsorption of metal ions onto functionalized biomaterial. DRFTIR spectra were used to identify the types' of functional groups present in a molecule (Jin & Bai 2002; Sankararamakrishnan & Sanghi 2006) . A broad peak around 3500 cm −1 in functionalized biomaterial was observed, which may be due to the overlapping of the hydroxyl group with nitrogen functional group. The peak at around 1650 cm -1 was observed in functionalized biomaterial which may be due to N-H bending vibration of amines (Shriner et al. 1998) . This further indicates that large number of nitrogen functional groups has been grafted into the surface of biomaterial. DRFTIR spectra of Cd (II) loaded functionalized biomaterial was also studied. The peaks were broadened and shifted at the lower wave number and reduction in transmittance was also observed when compared with functionalized biomaterial as shown in Fig. 2 . It also suggests that the nitrogen functional groups are involved in the adsorption of Cd (II) (Jin & Bai 2002; Thirumavalavan et al. 2010) . The optimum pH for the Cd (II) was found at pH 6. The maximum loading capacity (q mg/g) of functionalized biomaterial for the Cd (II) was found to be 83.33 mg/g. Experiments on adsorption desorption and regeneration of biomaterial was performed with batch method. In this study three types of eluting agents like sodium hydroxide, hydrochloric acid and nitric acid were used. The result indicated that, 0.1 M nitric acid was found to be most effective eluting agent among three of the eluting agents releasing the Cd (II) adsorbed on to the functionalized biomaterial. Fig. 3 shows the loading capacity (q mg/g) and the desorption cycles of the biomaterial where as Fig. 4 shows the percentage desorption for the Cd (II) in six cycles. Wavenumber (cm
The result revealed that above 93% Cd (II) were desorbed from the biomaterial in first cycle and decreased up to 89.9 % in fifth cycle which was increased to 90.3 % in sixth cycle. More over the elution with nitric acid once again suggested that the Cd (II) adsorption on functionalized biomaterial was caused mainly by chemical adsorption. The release of adsorbed Cd (II) could be attributed to the relatively weak energy of interaction between metal ions and functionalized biomaterial (Kong et al. 2014) . The adsorption capacity remained relatively constant in subsequent cycles, indicating the chemical stability of the biomaterial. It also indicated that the metal adsorbed biomaterial can be regenerated almost completely with 0.1 M nitric acid, and the biomaterial can be repeatedly used for metal ions adsorption, thereby minimizing the cost for the adsorption process. The regeneration and reuse of biomaterial suggests the efficiency, effectiveness, and application for the removal of Cd (II) from waste water as ecofriendly material. 
CONCLUSIONS
The regeneration and reusablity of functionalized biomaterial was studied for Cd (II). The eluting agents used in this experiment were sodium hydroxide, hydrochloric acid and nitric acid. Among them 0.1 M nitric acid gave the best result which desorbed more than 90 % of metal ion from the functionalized biomaterial. It also indicates the chemical stability of the biomaterial. The regeneration and reuse of biomaterial minimize the cost for the adsorption process as well as reduces the volume of waste material making the process environment friendly, effective and economic. The functionalized biomaterial prepared from Dismostachya bipinnata showed its applicability as a potential biomaterial in the adsorptive removal of Cd (II) from waste water.
